3 of the 30S IC, followed by IF2-catalyzed joining of the 50S subunit to the 30S IC to form a 70S IC 52 and maturation of the 70S IC into a 70S EC 1, 15, 16 . Given the essential nature of this process, , transition of the ribosomal subunits into their non-rotated inter-subunit orientation 22, 23 , 59 and accommodation of fMet-tRNA fMet into the peptidyl-tRNA binding (P) site of the peptidyl 60 transferase center (PTC) 24 . In addition, structures of various 30S 2-6 and 70S ICs 5,7-9 obtained by . 65 Furthermore, the 70S ICs represented by the available structures were formed using a 70S , we developed a kinetic model and analyzed how the populations of the expected 99 structural species were predicted to vary as a function of time during subunit joining reactions in 100 which 0.6 µM 50S subunits were mixed with 1.2 µM 30S ICs (Methods and Extended Figure 2 ).
101
The analysis predicts that the population of 70S ICs carrying a GTP-or GDP•Pi-bound IF2 is 102 maximized at ~150 ms and that joining of the 50S subunit to the 30S IC to form a mature 70S EC 103 5 is ~65 % complete within 600 ms. Using a set of microfluidic chips designed 27 to provide reaction 104 times of ~20 ms, ~80 ms, ~200 ms, and ~600 ms in our mixing-spraying TR cryo-EM apparatus 105 (Extended Figure 3) , we therefore mixed 0.6 µM of 50S subunits with 1.2 µM of 30S ICs and 106 collected images at each time point. At each time point, two-dimensional (2D) classification of the 107 images yielded 30S subunit-like, 50S subunit-like, and 70S ribosome-like particle classes.
108
Subsequently, the particles from the ~20 ms, ~80 ms, ~200 ms, and ~600 ms time points were 109 combined into a single dataset of 30S subunit-like, 50S subunit-like, and 70S ribosome-like Tris-OAc (pH4 °C = 7.5), 60 mM NH4Cl, 1 mM MgCl2, 0.5 mM EDTA, 6 mM BME) using a centrifugal The purity of our 30S and 50S subunits was confirmed by negative staining electron 251 microscopy (EM). Briefly, one aliquot of the highly purified 30S subunits was diluted to 50 nM with Triton X-100, and 2 mM BME concentration of the 50S subunit and the 30S IC after rapid mixing in our microfluidic chip was 332 0.6 µM and 1.2 µM, respectively. As the mixture was sprayed onto the grid, the grid was plunge-333 frozen in liquid ethane and stored in liquid nitrogen until it was ready to be imaged. particles and subjected to a round of 3D classification using 4´ binning of the images to more 353 finely separate 30S subunit-like particles from 50S subunit-like and 70S ribosome-like particles.
354
After the first round of 3D classification, two particle sets were created in which the first particle 355 set encompassed 150K 30S subunit-like particles and the second particle set encompassed 98K 356 combined 50S subunit-like and 70S ribosome-like particles. These two particle sets were 357 extracted using 2´ binning of the images.
358
The first particle set, containing 150K particles, was subjected to a second round of 3D The second particle set, containing 98K combined 50S subunit-like and 70S ribosome-like 366 particles, was also subjected to a second round of 3D classification from which we then obtained 367 two major subclasses in which the first subclass encompassed 21K 50S subunits and the second 368 subclass encompassed 77K 70S ribosome-like particles. This second round of 3D classification 369 was repeated three times to estimate the errors associated with the 3D classification-based 370 division of the 50S subunit and 70S ribosome-like particle populations (Table 1) . At this point in 371 the analysis, each 50S subunit and 70S ribosome-like particle was traced back to the time point 
